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Rh SPLICIN( 



Multiple Rh Messenger RNA Isof rms Are Produced by Alternative Splicing 

By Caroline Le Van Kim, Baya Ch6rif-Zahar, Virgin© Raynal, Isabelle Mouro, Manuel Lpz, Jean-Pierr Cartron, 

and Yves C lin 



Three (Unrelated cDNAs have been isolated from a human 
bone marrow cDNA library and by polymerase chain reaction 
(PCR) amplification of human bone marrow and erythroblast 
mRNAs. They potentially encode a family, of Rh protein 
isoforms that, exhibit several unexpected structural proper- 
ties as compared with the Rh polypeptide encoded by the 
cONA clone identified previously. These modifications in- 
clude several peptide deletions, the predicted alteration of 
Rh protein topology within the cell membrane; variations in 
the number and surface exposition of cysteine residues; and 
the generation of new C-terminal polypeptide segments 

THE kii BLOOD GROUP system has proved to be 
important in transfusion and clinical medicine be- 
cause it has been involved in hemolytic conditions of both 
immune 1 and nonimmune origin. 2 This system was recog- 
nized as one of the most complex polymorphisms in 
humans, but the structural basis of blood group antigens, 
has remained nnnrlv understood until recenttv 3 Human red 
blood cells (RBCs) can be commonly subdivided into 
Rh-rxvtWe and Rh-negative according to the presence or 
the absence oif the D antigen, but the Rh serology is more : 
complex, and several antigens like those of the C/c arid E/e 
series have been defined. 4 The question as to whether these 
three sets of antigens are carried by a single protein 
containing multiple Rh epitopes 5 or by independent proV 
teins encoded by clusely linked genes 6 has been partly 
resolved by biochemical investigations which have demon-! 
strated that the D, c, and E epitopes arc more likely carried 
by at least three distinct homologous npnglycosylated inter. : 
gral rriembr: ne proteins of apparent Mr 30 t 000 to 32,000. h % 
Moreover, the mRNA encoding one of the Rh polypeptides 
has been recently cloned, 7 - 8 and further studies by Southerm 

biut hybridization haVC Shown mat the RII iuvua caii icu by 

the genome ofRhD-positive individuals is composed of two 
strongly related genes, whereas one of these two genes is 
missing in RhD-ncgative donors. 4 These findings are consis- 
tent with a two-Eocus model of Rh . inheritance, 10 and: 
suggest that one of the two genes of the RH locus encodes 
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caused by frameshift mutations. The four fth mRNAs now 
described correspond to different splicing isoforms tran- 
scribed from the same Rh gene, and all exist in the same cell 
lineage (erythroid). Morever, PCR experiments indicated that 
at least three of these RNA species exist in reticulocytes from ■ 
donors with different commonly expressed Rh phenotypes. 
Although the translated proteins have not yet been character- 1 
ized, these results suggest that the two genes at the RH locus 
may direct the synthesis of several protein species possibly -. 
corresponding to different Rh antigenic variants. 
*' 1992 by The American Society of Hematology. 

the RhD' protein whereas the other encodes RhC/c and 
E/e polypeptides. 9 : ~ '" ' . '■ ';■['■ 

How the two Rh genes control Rh antigens production 
and how many polypeptides are necessary to account for 
the large diversity of Rh antigens 4 ^ is presently not known; 
In an attempt to address these issues, we report here the 

ehprarteri7ation of several Rh rHNA rjonp<; that are. 

derived from alternative splicing' of the gene encoding Cc, '' 
and Ee antigens. 1 ' 

MATERIALS AND METHODS ■ - . % 

Human bone marrow, erythroblast, and reticulocytes samples/ 
Bone marrow cells were collected from posterior iliac crests of- 
healthy individuals donating bone marrow for allogenic transplant M 
lation. Mononuclear , cells from, an approximately 50-raIi bone ^ 
, marrow sample- were separated over a _ Ficoll- - gradient (den^^ 
sity = 1,077) as described previously.; 2 Spleen erythroblast RNAs ■ 
(a generous gift of Dr P H. Romeo,. INSERM ; U91; Creteji^ 
France) from' an adult ^-thalassemia patient and human bone / 
marrow RN As were extracted by .the guanidine Jsothiocyanate/, , 
cesium chloride method. 13 Reticulocyte RNAs were prepared front : 
50 mL of whole blood as described. 14 *'"■-.' -i* ; ; 

cONa iiorary screening, 'the probe specinc tor* the N-terminal * 
region of the Rh polypeptides 7 was labeled using a random priming • 
kit (Boehringer Mannheim; Mannheim, Germany) and used to . 
screen a human^bone marrow XgtH cDNA.library (Clontech; Palo < 
Alto, CA) as described. 7 v . * v 

Polymerase chain reaction (PCR) amplification of RNA. ■ . Two . 
:;ctr> of primers were used for PCR. -PCR I; Punier. 'V (sens v 
primer; 5 GCA CAG AGA CGG ACA CAG V ) deduced from the / 
5' noncoding region of clone RhIXb 7 and primer "b" (ami-sense ■ 
primer; 5 AGG AGA CCA! G AC GTG" AG V ) specific of nuclei v. 
otides 1 148 io 1 132 ( + 1 taken as the first residue of the initiator % 
AUG), which are deleted in clone RhVl. -PCR2: Primer "a" (as 
above) and primer '^" (anti-sense primer; 5 TCC AACAGC GAA 
ATG AGG V ) deduced ; from the' 3" end of the RWXb coding' 
sequence. 7 RNA* PCR amplifications were performed as described - 
previously |V with 0.5 jig of RNA from human r^one marrbw, spleen 
erylhroblastror reticulocyte as templates. cDN A products were - 
separated on agarose gels and hybridizided with the original 
RhIXb cDNA 7 or; with oligonucleotide probe A. ("pAV, ^TCA 
GGT GAC ACG AGG TA* ) specific oF nucleotides 862 to:846, 
which are deleted in clone RhVHl. : 

DNA sequencing. Inserts from recombinant \gtl I clones and 
PCR product (Rh4).were subclohed in PUC 18 vectors and 
sequenced on "both strands by the dideoxy chain termination 
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Rh SPLICING ISOFORMS 

method 16 with a Pharmacia T7 sequencing kit. Universal primers or 
specific oligonucleotides were used as internal primers. 

RESULTS 

We have previously reported the Sequence of a 1 ,376-bp 
Rh cDNA clone (RhIXb) encoding a 417-amino acid poly- 
peptide, 7 which was isolated from a human bone marrow 
library with a probe specifics of the N-terr^inal region com-. 

. mon to the! Rhp; c, and E polypeptides... Using this same r 
probe, two other positives clones ( RhVI and RhVIII) were 
also detiected in this library but were not further analyzed at 

/ first because they were smaller than the RhIXb clone: As 

\ the /M locus is highly polymorphic, 411 these clones were 
subsequently fully sequenced to characterize other mRNA 
species potentially encoding different Rh polypeptides. 
; V Sequence analysis indicated that these cDNAs represent 
two isofbrms of the RhIXb cDNA lacking different se- 
quences of its coding region (Fig 1 A). Indeed, clone RhVIII 
(971 bp) extends from the 5' (position -6) to the V 

. (equivalent position l,418):noncoding region of the RhIXb 
icDNA, but lacks nucleotides 487 to 939 ( + 1 taken as the ; 
first rpsiHn* nf the initiator AUG). Because this deletion 
does not alter the reading frame of the resulting mRNA, 
the deduced Rh Vhi encoded protein represents a short- 
ened form of the RhIXb protein missing amino acids 163 to 
>313 (Fig IB) and is thus composed of 266 amino acicis 

..(calculated Mr 29,200). As compared with the RhIXb 
protein, three of the six cysteine residues; including the ' 
exofacial Cys-285, have been lost in the RhVIII protein (Fig 

?■ 1A). In addition, there are three nonconseryative changes; 
(positions 16; 60, and 68), . the most noticeable being the 
W;^ C exchange at position 16. Accordingly, the predicted . , 
RhVI II protein carries onlv four cysteine residues. . 
done RhVI ( 1,085 bp, also starts, in the 5' noncoding . j 

; region of clone RhIXb (position -9) and extends up to a " 
poly(A) addition site (position 1,433; not shown) that was 
not present in the Rh clones previously reported. 7 - 8 This 
clone exhibits two deletions as compared with the RhIXb 
coding region. The first deletion corresponds to nucleotides ? 
487 to 801 (amino acids 163 to 267) and does not alter the " 
reading frame, while the second deletion corresponds to 
nucleotides 1,074 ta .1,153 (amino acids 359 to 384) and. 
modifieslthe reading frame of the downstream sequence > ; 

; (fig 1» A and B) with a premature stop codon after position 
1,196; Therefore, the RhVI cDNA encodes a predicted 

. 367-amino acid polypeptide, (calculated Mr 28,600) that 

. represents another shortened form of the RhIXb protein 1 
with a different and shorter ■G-terminai sequence (Fig IB). 
Moreover, this protein contains six cysteine^ residues. Five 

I ^respond to cysteines in RhIXb and the sixth is in the new 

; carbbxy terminus at position 266. ' ' . . . ^ 
~A fourth Rh cDNA isoform, Rh4, which was hot present 

^ in the; bone marrr.w i ; hrary, v is prodi a 1 during PCR ex-. 
peWments^ bone marr w mRNA. As com- 

pared with the RhIXb cDNA, this cl ne or 1 ,235 bp extends 
from nucleotide 19 to +1,278 and exhibits a deletion in 
the coding sequence between nucleotides 940 and 1,073 
(amino acids 314 to 358; Fig 1A), which in turn results in a 



1075 



ARhIM b 



176 bp I 



215 



71 «» 



1*71 DP) L 




(1083 bp)' V 



IB 



flh4 

(1235 bp} . 



TT 



RhIXb 
Rb« 
Rh VI 
RbVXXl 



RhIXb.' ' 
Rb4 . 1 
RhVI 
RhVIII 



RhIXb 

Rh« • 

RbVX 
RhVIII 



RhIXb. 
Rh4 
RhVI 
RbVIXI 



RhIXb , 
RH4 

RflVX . 
RhVXII 



. WRrWPgVUSPLLRSPIQRXBUUtrm rALAVSWTAIBCISIJlirOMXIMTYVaaA ., 



«ACGy*V(JT9CTtX»8PBIJU*WWLVataJ8XGBMtCI*VCCTRVI,0I«»XaWM 
1 * " " r r~ VCCRRVM I M tSVKBl . 

• I*St«I.LMIT*iyLI.Vl»rVKWG»eiHGI^VX^ 
irSI.LCtM*IT»IVltvUTVlWCMGMICFO^E3XCK18XAIVIJtt?»01tTClI "« 

■ : pev ^o - .. . v--.-, :■ ' VV- 1 . 

PRSQRTaSTSCG- ? iU midmi. . 

i-Raowttsiscc tMT „« aw *, . 

iw«xmtApavAFYrooovrmOTUjivcr» fiit r.,»do" 



i 



Fig;ii Schismatic representation oJ the four Rh «NA spUciRg" 
Isoforms.fA) Open boxes represent coding sequences end single lines 
the noncoding regions. Hatched boxes Indicate regions of RhVI and 

- Rh4 encoding amino acids unrelated to those encoded by RhIXb 
(taken as prototype mRNA). NumS#r* *w- «*c boxes fo. 
nucleotide positions, +1 being taken as the first nucleotide of the 

, translation initiation AUG of done RhIXb. Numbers below and inside , 
the boxes refer, to amino, acid. positions, +1 being taken as the 
initiating methionine. Here, the nucleotides and amino acSds have 
been renumbered for convenience compared with the previously 

. described RhIXb clone.' The cysteine residues (C) indicated on RhVIII, v 
RhVI, and Rh4 are those not present on RhIXb t*»tj Sequences of 
the RhIXb, RhVIII. Rh VI and Rh4 clones are depositeo to the GenBank 
database (accession numbers M34015. X63096, X630S5, X63098). (B) 
C-terminal amino acid sequence of the Rh protein tsoforrhs encoded 
by the RhIXb, Rh4 t \RhVI, and RhVIII cDNAs (from position 160). 
Dashes refer to amino acids lacking in Rh4 r RhVI. and RhVIII isolorms 

translation framcshift generating a prcmatufe stop at the 
same position that was used in the; Rhyi cionc-(Fig 1B):^ 
The new predicted protein has 354 amino acid residues 
(calculated Mr 38,500) and carries seven cysteine residues, 
including four from RhIXb (Cys-315 and -316 have been 
lost) and three additional ones at positions 16 (W C cx % 
change), 61v(G C exchange); and 353 (in" the heW ' 
terminal segment). It is noteworthy Yhat both RhVI anii 
Rh4 share the same carboxy-tcrminal fragment of 14 amino' 
acids not found in the t her Rh protein isofonns identified 
so far (Fig IB). 
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Because we have isolated and partially determined the 
structure of the gene for the RhIXb-encoded protein (our. 
unpublished data, December 1991), we found that the 
boundaries of the deletions identified in the RhVI, RhVIII, 
and Rh4 cDNAs, as compared with the RhIXb cDNA, all 
correspond to exact intron/exon transitions and that these 
clones lack sequences specific of exons 4, 5, and 8 (RhVI); 
exons 4, 5, and 6 (RhVIII), and exon 7 (Rh4). These data; 
strongly suggest that the RhIXb, RhVIII, RhVI, and Rh4 
cDNAs (entire sequences deposited to the Gen Bank/; 
EMBL database, accession numbers M340 15, X63096. 
X63095, X63098) correspond to four RhrriRNA isoforms 

. produced from the same gene (CcfEe, see below) by 
alternative splicing of separate exons. 

All of these cDNAs were also identified when mRNAs 
extracted from human thalassemia spleen erythroblasts 
were amplified by the PCR technique between primers 
specific of the 5' and 3' ends of the RhIXb cDNA (sec 
Mattiials and Methods) and sequenced (not shown). These 
results indicate that the different Rh mRNA isoforms are 

. present , in the same cell lineage, erythro id, and do not 
encode Rh proteins differently expressed in various tissues. 

To Hpff»rmin<* whpthpr thpcp snlirino V»venR mioht renre- 

, se*it different Rh antigenic variants, PCR amplifications 
were performed on RNA extracted from reticulocytes of 
RhD-positive individual donors with the homozygous DC- 
Cee, Dccee, and DccEE phenotypes (Fig 2). From the . 
sequence of the.EhlXb, RhVIII, and RhVI clones, it was 
expected that the various mRNA isoforms present in the 
reticulocyte preparations could be distinguished by the size 
of the PCR amplification products generated between 
primers "a" and "c" (Fig 2A, PCR 2). As only a limited 
amount of material was available, the amplification, prod - 

. ucts were detected by hybridization with the RhLXb cDNA 
probe. Two major signals were detected, as shown from Fig 
2B, lanes 2. While the upper baricj, mieratihe above 1.200 
bp, clearly corresponded to the RhIXb cDN A. (expected 
size: 1,267 bp), it could not be assessed whether the lower , 



template 



mi 



PCR product 
1167 bp ^ 



% hybridization 
;• cDNA . pA 



RhIXb 



RhVIII 



ph'r ■ s -" * ; 
713 bp ^ 



■RhVI mmm 



no product . 



+ + 



LE VAN KIM ET AL 

band, migrating around 840 bp, was related to the RhVIII 
and/or RhVI mRNA (expected sizes: 813 and 870 bp. 
respectively). To descriminate between these possibilities, 
oligonucleotides specific of RhVIII (primer "b") or of 
RhVI (probe "pA") were used as amplimer (PCR1) or as 
probe, respectively (see Fig 2A). Hybridization of the 
RhIXb cDNA probe with a fragment amplified between 
primers **a" and "b" (VHI-speciflc) and migrating around 
730 bp (Fig 2B, lanes I) indicated the presence of the Rh 
VIII isoform (expected size: 713 bp). The presence of the 
RhVI isoform was shown by hybridization of the oligonucic- 
. otide probe "pA" (RhVI-speciric) with a product amplified 
between primers "a" ahd "c ,v (expected size: 870 bp) and 
migrating slightly above 840 bp (Fig 2C, lanes 2). Accord- 
ingly, probe ;"pA v failed to hybridize with the RhVIII 
fragment of 713 bp amplified between primers "aV and "b" 
(Fig 2C, lanes 1). A PCR product migrating slightly below 
1.200 bp corresponding to the RhIXb isoform was also 
amplified between primers "a" and "b" (expected size: 
1,167 bp) and was detected both by the RhIXb and "pA" 
probes (Fig 2B and C lanes 1): Because exactly the same 
amplification and hybridization patterns were obtained 
with all thp Rh-tynod* r^ttrhloryto samples Jhc' present 
results indicate that the Rh spliceoform mRNAs may noi 
account for the C to c and E to c allelic polymorphism bur 
may explain* the presence of the Cc and Ee antigens on 
different polypeptides (sec Discussion): Probably because 
of a low expression level in reticulocytes, the Rh4 cDNA 
was identified during these experiments only when a primer 
specific of its deletion junction was used (not sho\vri): ; 

Hydropathy analysis and secondary structure predictions 
according to Engelmari et al 17 predict that the RhIXb. 
RhVI, RhVIII, and Rh4 proteins contain B, 8, 8. and iO 
transmembrane domains, respectively, arranged as shown" 
in Fig 3. Examination of these models .proves interesting 
because of the anvno acid deletion in R h VI II whiirb HnW 
res. 162,10 314 of RhIXb, the topology of res; 162 to 3 14 at - 
the C-terminus of RhVIII is expected to be in reverse 
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Rg 2. PCR amplification of 
reticulocyte Rh spficeoforms 
RNAs. (A) Schematic' diagram 
(not to scale} indicating the loca- 
tion of the amplimers used and 
of the oligonucleotide^ probe 
"pA f on the WiWo. VIII, and VI 
cDNAs. The size and the hybrid- 
ization pattern of the expected 
PCR products are indicated: To- - 
tat (reticulocyte RNAs from do- 
nors with the indicated Rh pheno- 
types were subjected to PCR 
amplification between primers 
"a" and *V' tPCRlJ or "a" and 
"c" (PCR2). cONAs products were 
resolved on agarose gel (the sizes 
of DNA markers are indicated) 
and characterized by hybridiza- 
tion with the RhIXb cDNA (B) or 
with the "pA" oligonucleotide 
probe (C). 
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Rg 3. Predicted membrane topology of the Rh 
protein isoforms. Topologic models of the putative 
proteins encoded by RhVI, RhVIIl, and Rh4 were 
predicted from hydropathy analysis according to 
Engelman et al" using a 2C-amino acid window and 
compared with the prototype RhIXb protein. 7 Only 
the uneven transmembrane segments are numbered. 
Position of the cysteine residues (C) o ,i each polypep- 
tide chains are also given. Heavy lines In RhVIIl and 
RhVI refer to identical sequences with a reverse 
orientation in the prototype RhIXb protein that are 
generated by connecting residues 162 to 314 (RhVIIl) 
and 162 to 268 (RhVI) of RhIXb (see text). The wavy 
line refers to new protein sequences generated by 
frameshtft mutations in RhVI and Rh4. Amino acid 
polymorphisms are indicated by black circles. 
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orientation compared to their predicted position in RhIXb 
(res. 315 to 417). Accordingly, the carboxy end of RhVIIl is : 
predicted to be intracellular and the Cys-164 and Cys-165 
are predicted to be exofaciat, whereas their position in 
RhIXb (Cys-315 and Cys-316) is intracellular. (2) In RhVI 
the protein segment 163 to 253 is in a reverse orientation as 
compared with its position in RhIXb (res. 268 to 358). 
Therefore, the cysteines 285, 311, 315, and 316 of RhIXb 
^are also reversely oriented as Cys-180, -205, -210, and r21 1, 
respectively, in RhVI. In addition, the Cys-266 present on 
the new carboxy terminus of RhVI is intracellular. (3) The 
Rh4 protein. is deleted ot amino a:ids 314 io 358 of RhIXb 
and therefore both proteins have a similar topology up to 
position 313, including the surface exposition of Cys-12,- 
-186, -285 (extracellular), and -31 1. Cys-16 is located within 
the first transmembranous domain, whereas Cys-61 lies at 
the cytoplasmic side. The carboxy terminal residues 314 to. 
354 of Rh4, including the Cys-353, are generated by 
frameshift translation and are located on the cytoplasmic 
side of the membrane. , . 

, DISCUSSION 

Four Rh-relatcd cDNAs (RhIXb, RhVI, RhVIIl, and 
Rh4) have been characterized by sequence analysis of 
cloned and /or PCR-amplified human bone marrow, and 
erythroblast mRNAs. Because of their identic representa- 
tion in the cDNA libraries, we assume that equivalent 
amounts of the RhIXb-, RhVI-, and RhVIII-specific mR- 
NAs are present in erythroid tissues and presumably , 
identically translated. However, the Rh4 mRNA isoform 
might be less abundantly expressed because it was detected 
only after PGR amplification. 

By Southern analysis of the DNA from individuals of 
different Rh phenotypes (combinations of D, C, c, E, and c> 
antigens) we have shown recently that the RH locus is 
composed of two related genes and that one ot these genes 
should encode b th the C/c and E/e proteins while the 
other, which is absent from RhD-negative individuals, 
should encode the D polypeptide. 9 In preliminary investiga- 
tions on the c mparativc structure of these two genes we 
have cloned genomic restriction fragments specific of the 



such defined D and CcEe genes. Sequence analysis showed 
several polymorphisms between the two genes (our unpub- 
lished results, December 1991) and indicated that the 
RhIXb mRNA is transcribed from the CclEe gene, which is 
in agreement with partial RhD protein sequence analysis 
suggesting that the KhlXb cUNA does not encode trie u 
polypeptide:* Interestingly, comparison of cDNAs and 

; genomic structures also indicates that the RhVIII^Rh VI, 

: and Rh4 mRNAs arc transcribed from the same gene as 
RhIXb and correspond to various spacing isoforms lacking 
differcntexons. ^ 

While most examples of alternate mRNA splicing are 
associated with different tissue-specific or developmentally 
regulated gene expression, 18 the various Rh mRNAs identi- 
fied so far are expressed within a single tissue, human 
erythroid cells,- potentially giving rise to a family of Rh 
polypeptide isoforms: Moreover, PCR experiments indicate 
that at least three of these spliceoforms are cotranscribed in 
reticulocytes from individual donors expressing different 
homozogous combination of the Cc/Ee antigens. There- 
fore, it is assumed that alternative splicing events may 
account at least for the synthesis of the three already 
characterized homologous Rh polypeptides" by the two 

- genes at the RH locus, and the present results suggest that 

, more than three Rh proteins are probably present in human 
erythrocytes. Which Rh antigens, if any, are carried by the 
different Rh protein isoforms may- not be resolved easily 
because, in preliminary experiments, cukaryotic cells trans- 
fected with the recombinant Rh cDN As failed to react with, 
any of the D, C, c ; E, and e Rh antibodies (our unpublished 

. data, December 1991), possibly because the blood group 
antigenicity of the Rh proteins may require a specific con- 
formation occurring only in* erythrocyte membranes. 1 ?" 

. However; from immunologic studies performed on differ- 
cm Rh typed RBGs with polyclonal antibodies raised 
against synthetic peptides specific for the RhIXb-encodcd 

. polypeptide, it is more likely that this mRNA encodes the E 
or e antigens (our unpublished results, December 1991). 
Accordingly, the splicing isof rms RhVI, RhVIIL and Rh4 
might account for the expression of the C or c antigens by 
the CclEe gene, because all of these predicted proteins 
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differ from RhIXb in their C-terminal region by drastic 
structural changes such as: (1) the appearance of new 
amino acid sequence(s) at the limits of deleted region(s); 
(2) the reverse orientation of the C-terminal peptide region 
(RhVI and RhVI 1 1), as predicted from hydropathy plot 
analysis and the concomitant extracellular exposition of 
amino acids and cysteine residues that are intracellular^ 
exposed on RhIXb (Fig 3); (3) the intracellular exposition 
of C-tcrminal radioiodinablc tyrosine residues that were 
jxtracellularly exposed on RhIXb; (4) the loss of the unique 
exofacial Cys-285 (RhVI and RhVIII), which might be 
critical for antigenic expression 21 (5) the new C-terminal 
amino acid sequence (RhVI and Rh4) resulting from 
frameshift translation, although this peptide should not 



participate directly in new surface antigens because it is 
predicted as intracytoplasmic. 

Obviously, the new putative Rh protein structures de- 
scribed in this report may well explain the large number of 
antigenic specificities associated with Cc and Ec polymor- 
. phisms, including those of the more unusual compound 
antigens like Ce, cE, ce, and CE. 4 We conclude that the 
extreme polymorphism of the Rh system at the antigenic 
level is associated with a great heterogeneity at the mRNA 
level. Characterization of these multiple mRNA structures 
and of their deduced encoded proteins may provide a 
molecular basis to ; RH locus expression under varying 
genetic conditions. t : - 
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